Introduction
Seasonal breeding is a survival strategy adopted by many wild mammals to ensure that their offspring are born at the most favourable time of the year. In sheep, which have been domesticated for almost 10000 years, a seasonal pattern of reproductive activity and quiescence persists, as evidenced by distinct breeding and non-breeding periods in ewes and circannual changes in libido, testicle size and semen characteristics in rams.
The seasonal pattern of reproduction represents an endogenous rhythm that is entrained by environmental factors. Of these, photoperiod is of greatest importance in temperate regions in which ewes must be exposed to both the lengthening days of spring and the decreasing daylength after the summer solstice for a breeding season of normal onset and duration (Malpaux et al, 1989;  Malpaux and Karsch, 1990) . The timing of reproductive transitions is influenced by genotype (Wheeler and Land, 1977) , and the breeding season invariably includes the shortest day (Hammond, 1944) . Both nutrition (Rhind, 1992) and photoperiod (Karsch et al, 1984) can influence fecundity within the breeding season via direct effects on the activity of the hypothalamic-pituitary-ovarian axis.
The breeding season of Mule (Bluefaced Leicester Scottish Blackface) ewes at 57°N extends from September to April, and ewes have up to 16 ovarian cycles (Mitchell et al, 1997) . However, lambing rates are reduced when mating takes place after the winter solstice (Mitchell et al, 1996 (Mitchell et al, ,1997 . (Vipond, 1997) .
Materials and Methods

Animals and experimental design
The study was conducted at 57°N using mature Mule ewes and Suffolk rams. Animals were maintained at pasture and were supplemented with hay as necessary to prevent body condition loss. Ewe body condition score was assessed (Rüssel et al, 1969) (1987) . Inter-and intraassay coefficients of variation for low, medium and high quality controls were 18.3 and 15.6%, 12.1 and 8.9%, and 10.5 and 7.7%, respectively. The detection limit was 0.64 ng ml"1.
LH concentrations were measured in duplicate 50 µ aliquots of plasma after radioimmunoassay using the modified method of Niswender et al (1969) . The ovine LH antigen used was NIDDK-oLH-l-2(AFP-7071B) and the ovine LH anti-serum used was rabbit NIDDK-anti-oLH-1(AFP-192279). Inter-and intra-assay coefficients of variation for low, medium and high quality controls were 9.2 and 8.7%, 7.1 and 6.2%, and 7.2 and 5.5%, respectively. (Mitchell et al, 1997) . In the present study, (Scaramuzzi and Radford, 1983; Montgomery et al., 1988) . Indeed, ovulation rate is reduced by 0.4 corpora lutea per ewe in February compared with November in ewes housed under natural photoperiod and maintained on a constant diet (Mitchell et al, 1996) . The effects of nutrition on ovulation rate are well documented (Monget and Martin, 1997) , and seasonal changes in pasture availability and quality may have contributed to the reduction in ovulation rate in the present study. However, the effect of nutrition is likely to have been small as ewe body condition scores were maintained throughout the study, and supplementary hay made a significant contribution to nutrient intake.
Changes in the activity of the hypothalamic-pituitaryovarian axis induced by photoperiod may influence ovulation rate via alterations in the rate of ovarian follicle development and the viability of gonadotrophin-dependent follicles (Scaramuzzi et al, 1993) . Evidence (Haresign, 1985) , and the concentration of oestrogen that is subsequently achieved (Joseph et al, 1994 (Joseph et al, , 1995 . A threshold concentration of oestrogen is required to initiate the surge and this may be increased during the latter part of the breeding season (Fletcher and Lindsay, 1971) . In the present study, lower luteal progesterone concentrations during February may have retarded follicular maturation and steroidogenesis (Hunter et al, 1986; Hunter and Southee, 1987 (Robinson et al, 1985; Karsh, 1987) . In the study of Currie et al (1993) , it is likely that ewes monitored during February were in this transitional phase (Jeffcoate et al, 1984) and that the observed increase in the interval between LH pulses in the midluteal phase represents a significant increase in the inhibitory effect of oestrogen from developing ovarian follicles on the hypothalamus and pituitary. In contrast, in the present study, ewes were 1-2 months from the end of their breeding season (Mitchell et al, 1997) and reduced luteal progesterone concentrations at this time may have allowed a slight increase in pulsatile LH secretion in the absence of a significant increase in the inhibitory effects of oestradiol.
In the present study, fertilization rates were high and pregnancy rates were not improved by the use of cervical artificial insemination. Fertilization rates may be reduced during the latter part of the natural breeding season as a consequence of sub-optimal mating activity in individual rams (Colas, 1983) or adverse environmental and nutritional conditions (Mitchell et al, 1996) . However, the rams used in the present study were of proven working ability and produced semen of good quality throughout. 
